Abstract: Elemental profiles of the total analyte content of major, minor and trace elements (Cu, Zn, Mn, Fe, K, Ca, Mg, Al, Ba and B) in 8 herbal drugs, originating from medicinal plants of the family Lamiacae, were determined. Flame atomic absorption/emission spectroscopy (FAAS/FAES), inductively coupled plasma atomic emission spectroscopy (ICP-AES) and energy dispersive X-ray fluorescence (EDXRF) were applied, and the advantages and limitations of these techniques are also discussed. The whole procedure, from sample preparation via dissolution to the actual measurements, was validated by using CRM (NIST 1573a -Tomato leaves). The recovery values obtained were in the range 90.64 -101.58 %. A high degree of similarity in their elemental profiles was noticed from the results of qualitative analysis, while quantitative analysis shows significant diversity due to the variety of the influencing sources. The medicinal plants investigated in this work contained Cu (5.92-14.79 mg kg -1 ), Zn (15.0 -43.0 mg kg -1 ), Mn (25 -111 mg kg -1 ), Fe (74 -546 mg kg -1 ), K (1.80 -6.24 %), Ca (0.90 -1.43 %), Mg (0.17 -0.67 %), Al (49 -378 mg kg -1 ), .84 mg kg -1 ) and B (34.7 -56.5 mg kg -1 ).
INTRODUCTION
Some elements are essential for plants but have harmful effects at excessive concentrations 1 hence their different roles in the physiological processes of plants strongly depend on their concentrations [2] [3] [4] in a particular plant tissue. The herbal drugs analyzed in this work are known in herbal medicine in Serbia for their different pharmacological ac-tivities 5 and, thus, have a very important place in phytotherapy. The beneficial effects of the analyzed drugs are mainly atributed to the presence of constituents of essential oils, flavonoides, tannins, etc. 5 but, they are also influenced by inorganic components, as the macro and micro elements are. Currently, there are 17 elements known to be required by all higher plants. Nine of them are macronutritients (C, N, O, H, K, Ca, Mg, P and S). An additional eight elements are defined as micronutritients (B, Cl, Cu, Fe, Mn, Mo, Ni and Zn). Other elements may be essential for certain plant species grown under specific environmental conditions. 6 Zinc, Mn and Fe are important as co-enzimes, Cu is bound to amino acids, 7 while some elements, such as Mn, Nd and Ce, are bound to some biomacromolecules forming coordination compounds. 8 Iron, Cu, Mn, Co, etc., are important components of many antioxidant processes, a deficiency of any of these essential elements may impair the function of the overall oxidant system. 9 In addition, plants in response to environmental stress, change the elemental distribution and metal accumulation to a large extent without toxic effects, 10 or to phytotoxic levels. 6 Hence, accurate quantitative analysis of the elemental content of plants is very important both in basic and applied plant studies, as a contribution to increasing concern about their potential effects on human health. 11 Taking into account the relatively low concentrations of the investigated elements and the complexity of the plant matrix, it was necessary to apply various analytical techniques (EDXRF, FAAS/FAES and ICP-AES), which are the most reliable in qualitative and quantitative analysis of plant samples, [12] [13] [14] [15] in order to satisfy important analytical criteria, such as accuracy and sensitivity and to provide less time consuming and cost beneficial analysis as well.
EXPERIMENTAL

Solutions and reagents
All reagents used were of analytical grade. Calibration was performed using single and multi-element calibration solutions (2.5 % HNO 3 ) prepared from 1 g/L Merck p.a. stock solutions. Ionization in FAAS was controlled by the addition of 5.00 mL of a (10 g/L CsCl + 100 g/L La, Merck, p.a.) buffer solution to all samples and standards and dilution to a final volume of 50.00 mL.
All solutions were prepared with deionized water.
Sample preparation procedure
The different plant samples listed in a Table I were analyzed. Accurately weighed (±0.0001 g) samples (»1 g each) were prepared according to the procedure for the analysis of liquid samples described elsewhere. 16 For solid samples analysis by EDXRF, the inorganic residue (ash), obtained after the first stage of the procedure for liquid sample analysis was used before the dissolution. The ash samples were homogenized and pressed to obtain pellets.
Instrumental and operating conditions in EDXRF
Elemental analysis of the samples was carried out with a Canbera EDXRF spectrometer. Radioactive 109 Cd was used as the excitation source. The characteristic X-rays were detected by a semiconductive Si(Li) detector with a Be window, coupled to a multichannel analyzer. The used detection system had a FWHM (full width at half-maximum) energy resolution of 156 eV at 5.9 keV. The integration time was 3600 s.
Instrumental and operating conditions in FAAS/FAES
The determination of Cu, Zn, Mn, Fe, K, Ca and Mg was performed with a Perkin-Elmer 5000 atomic absorption spectrophotometer under optimal measurement conditions. The signals were measured with background correction (deuterium lamp) at the optimal flame heights.
Instrumental and operating conditions in ICP-AES
A Perkin-Elmer 6500, ICP-AES instrument, equipped with a Perkin-Elmer cross flow nebulizer was used, with an input power of 1.2 kW and a frequency of 27 MHz, the argon flow rates were: 15 L/min (outer gas), 0.5 L/min (intermediate gas) and 1.0 L/min (carrier gas). The observation height above the load coil was in the analytical region from 2.5 to 25 mm. The sample uptake rate, in the range 0.6-1.5 mL/min, was controlled by a peristaltic pump. Table II .
RESULTS AND DISCUSSION
Taking into account some starting data of preliminary analysis, 17, 18 EDXRF spectroscopy as a non-destructive analytical technique which allows the simultaneous identification of elements in different matrices, 6, 14 was applied in the first part of the investigation. The composition of the matrix in the pellets prepared from plant powder obtained from leaeves, flowers or herbs varries, resulting in a different penetration of the X-rays. In addition, a second problem was encountered. Bulk plant material is transparent to X-rays and the absorbance of the pellets might be influenced by minor concentrations of S, Cl, K, Ca and Fe. 19 In samples prepared as pressed tablets, the enhancement effect and/or the absorption of characteristic X-rays emitted by the sample constituents make quantification of the detected elements difficult. Ashing of the plant material was performed in order to, at least partly, overcome the mentioned limitations.
The concentration of most of the elements in the crude samples was too low to be directly determined by EDXRF, so there was no possibility to detect any of the trace elements. Therefore, ashing was also carried out to enable the detection of numerous elements.
However, the biggest advantage is the possibility of multi-elemental analysis. Furhermore, a minimal sample preparation is required and the sample pellet can be achieved and re-run at a later date. This technique requires only a single run with a sample and does not require any knowledge of the incoming X-ray flux of geometry of the experimental arrangement. Enough data to proceed with further analysis can be obtained from a single spectrum. Therefore, in this work, EDXRF was also used to obtain the relative concentrations or ratios of the different elements present.
EDXRF Spectra of herbal drugs were recorded and are presented in Fig. 1 . In most cases, the only similarity observed was in the sense that the same elements were detected. Light elements, such as N, Mg and Na, emit X-rays with a low energy level, thus they are difficult to detect by XRF. In addition, the detection limit of EDXRF might limit the analysis of Cu, Fe, and Zn. 7 Therefore, the concentrations of these elements in the samples have to be relatively high in order to be detected. Therefore, taking into account the preliminary investigations, 17,18 the obtained results and the well known inorganic compositions of plants, 6, [20] [21] [22] further analysis was conducted by applying FAAS and ICP-AES.
The preparation procedure must ensure simultaneously quantitative mineralization and dissolution by the use of appropriate chemical reagents and physical means. Incomplete dissolution, as a consequence of a high content of silicates, may result in poor recoveries for many elements, especially those relatively abundant in plant media and partly associated with silicates. Aluminum is an example but, in addition, according to literature data, poor recoveries can be expected for Fe and B. 12 After the preparation procedure applied in this work, the sample matrix was largely simplified and the resulting solutions were clear, colorless and odorless with no observed residue -complete dissolution was achieved in most cases.
Concerning atomic spectroscopic analysis, no particular precaution have to be taken if the measured concentrations satisfy the principal criteria (sensitivity, detection limits, working range) and if possible interfering substances are under con- 
trol. 12, 13 Measurements were performed under the optimal flame and plasma conditions. FAAS offers detection possibilites in the mg/L and mg/L ranges, while ICP-AES at mg/L level depending on the element considered and thus enable quantification.
The whole procedure (from mineralization, via dissolution, to measurements) was validated by applying the methods to CRM (NIST 1573 -Tomato leavels). Both FAAS and ICP-AES analysis give concentration values close to the certified values. Recovery values are presented in Table III . An external calibration was also applied and regression and correlation analyses were done as well. The correlation coeficients (r) were in the range from 0.9981 -0.9999. The results of elemental analysis of 8 herbal drugs obtained from plants originating from the family Lamiacae are presented in Table IV . In addition to the standard deviation value for a particular elements, descriptive statistics of all the data presented are given. The arithmetic mean and standard deviation of the concentrations of the elements in all the samples were used to describe the trends and variations of the data. ± 0.60 ± 0.6 ± 2 ± 3 ± 0.14 ± 0.14 ± 0.02 ± 13 ± 1.12 ± 1. Number of measurements for each sample, n = 5
It can be seen that the spectra of 8 herbal drugs samples (Fig. 1) show ratios of Zn, Mn, Fe, K and Ca which are in good correlation with the results obtained by FAAS and ICP-AES. There is also a significant difference in the profiles of the elements amongst herbal drugs, attributed to the differences in the botanical structure of the leaves, flowers and herbs. 5 The different mobilities of elements within the plant, as well as absorption from the soil and atmosphere can also influence and change the elemental profiles within a plant. 1 Investigations in this direction are ongoing.
CONCLUSION
Determination of 10 elements in 8 herbal drugs of special importance in phytopharmacy was performed using the EDXRF, FAAS/FAES and ICP-AES methods. The complete procedures were validated using a certified reference material (NIST 1573 -Tomato leaves) and good recovery values were obtained in all cases, thus confirming the methodology. A high degree of similarity of the elemental profiles was noticed from the results of the qualitative analysis. Furthermore, there is a good correlation between the EDXRF spectra and the results obtained by flame and plasma atomic spectroscopy techniques, showing certain regularities of the ratios of some of the elements. Generaly, the diversity observed among herbal TABLE IV. Continued drugs originating from plants of the same family are attributed to differences in their botanical structures, element mobility within the plant parts and other internal and extrrual sources.
